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Since a few months, Craig ANDREIKO and myself have been evaluating 3D Solid freeform manufacturing 
devices that could be connected to our ELAN application and able to manufacture directly customized brackets. 
The technology currently available offers different type of materials among them photo-polymerisable 
(Stereo-lithography) and wax (3D plotting), and more important for our application, low resolution and 
accuracy except for the Model-maker 3D plotting device manufactured by SANDERS prototypes Inc. 

Currently, the SANDERS Model Maker machine is the only one that can reach our accuracy needs: < 0.001 
inch by offering the possibility of a 0.0005 inch resolution. We have conducted some tests with the west 
coast distributor by having him manufacturing parts that were created with our CAD software, and further 
with our new ELAN application software. The results have been promising in respect to the general aspect of 
the wax parts "plotted" and the dimensions as well. We have good hopes that this machine would allow us to 
manufacture customized brackets. 

Nonetheless, we think that our application is sufficiently outside of the usual utilization of such machine that 
we have been advised by the local distributor that we should meet with the manufacturer in New Hampshire in 
order to point out the specifics of our application and discuss with him modifications and optimization 
possibilities in regard to our process. This meeting took place in WILTON N.H. on November 1st 1996, 
involving E. CHAPOULAUD for ORMCO and Mr MACINTYRE (National Sales V.P.), WIGAND (Technical 
Development), «Chris» (Customer Support) and Mrs COLLINS (Training) for SANDERS Prototype. The Object 
of the meeting was to discuss our specific needs and the machine characteristics with Application and 
development engineers , discuss some interface problems and solutions, as well as communication between 
our software application and the software that drives the machine with software development engineers and 
discuss the training aspects for our in house operator. 

1) SANDERS Prototype Inc.: 

This company has been created two years ago on the basis of patents on a wax printing technology, to 
develop and commercialize a "3D Plotting System" that is named "Model Maker™". It currently employs 
50 people and has shipped over 80 Model Maker machines (each machine is listed at $60 000), which is its 
only commercialized product. 

They are located in WILTON N.H. (small town in the outskirts of NASHUA N.H. about 60 miles north of 
BOSTON). Its President is Mr Anthony FINIZZIO. The medical supply company BAXTER recently acquired a 
20 % stake of SANDERS (Contact at BAXTER is: Paul DIPERNA (847) 270 5502). 

2) Model Maker: Desktop 3D Modeling System 

Their product presents itself as a desktop unit that supports the CAD designer's workstation 
environment, allowing designers the ability of creating a physical 3D Model from their CAD design. This 
machine uses the same technology used in "inkjet printers" adapted to deposit thermo-wax droplets in 
successive layers allowing the build of 3D Objects from ground up. As we said above, our interest in this 
technology relies on their ability to use small layers (0.0005 in or 5 tenth of thousands of an inch, 12.5 
micrometers) to create the 3D model. This machine is the only machine currently marketed that allows such 
small layers. 

On a software point of view, this machine is usually connected to a PC Computer running a specific 
application program developped by SANDERS. This program uses ".STL" files as inputs. These type of files 
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can be created by most of the CAD programs, including SolidWorks, from their own geometry format. The 
Sanders program can also accept other formats which will be discussed further. The ".STL" fiie is first 
"sliced" into a number of layers representing each layer's perimeter of material. Then these layers are used 
to create the jet-heads travel paths that will construct the 3D model. This machine operates as a inkjet 
printer that fills the contours representing the layers. Using well known software technology, it moves the 
jet heads in straight lines between each end of the contours, filling up the inside of the perimeter of layers. 

In order to produce accurate layer depths, the machine deposit more wax than necessary, waits for 
the wax to cool and uses a cutter to cut off the excess material. On the positive side, this process allows the 
machine to be able to produce layer thicknesses down to 5 tenth, but it also gives a slow process since 
cooling waiting time becomes a big factor in the model manufacturing time. 

Since each layer of Wax need to be deposited on "something" to construct the model, Model Maker 
deposit a layer of another material to be used as support for counter-parts in the model. This material is also 
Wax, but has a lower melting point temperature, that allows this support material to be removed after the 
model is built. A cleaning phase is then necessary in order to have the finished Wax part. Please refer to the 
documents in annex for more information. 

This machine has been marketed for almost a year, and customers reaction and comments have lead 
Sanders into upgrading the Model Maker to a new version that will be available in 8 months from now 
according to their National sales V.P. This machine, called "Model Maker II", shows improvement in mainly 
three aspects: Speed improvement in the Jet Heads Motion and head's wax delivery rate, Reliability and 
Speed improvement by air conditionning the printing space, Usability improvement by improving the building 
space to 12 x 6 x 9 inches against 6x6x6 inches for the current machine. According to Sanders, they are 
working on improving their material as well. In fact the new machine includes Higher temperature Wax-jets, 
allowing the possibility of stronger build material along with a better separation with the support material. 
This machine will be presented at AutoFact 96 in Chicago (November 11 to 16) as a beta version. 

The current version of the machine is priced at $ 59 900 , while the new machine will priced at 
$ 64 900 . Sanders proposes the possibility of ordering the new machine as of now. Sanders will deliver the 
current version at the current price and when the new version is ready (June 97), it will be installed for an 
additionnal $ 10 000 . 

3) Characteristics and Specifications 

>> See with Rob Connelly (Users Group) 

4) Training and Operation 

With the purchase of the machine, a training session is offered for 2 or 3 people for a duration of 2 
days. It includes training on the software and hands on the machine parameters. Sanders suggested that this 
training can be extended for another day allowing future users to work on their own parts, getting usefull 
suggestions and advises directly on their type of models. 

The software is relatively easy to use, specially to an operator familiar with 2D/3D CAD design 
programs. The software works on any platform (Windows 3.1, Windows 95 or Windows NT). The new version 
that I was demonstrated is simpler than before and provides the operator with fewer options, for a less 
confusing environment. The current control software works with DOS, but does not involve any experience on 
DOS. 

Everybody at Sanders stressed upon that experience is the key of success in using their 
machine. Our operator would have to run lots of different parts and orientation in order to be very familiar to 
the machine behavior and produce good parts with sufficient repeatability and reliability. This machine needs 
to be taken good care of since it involves a lot of moving parts and "messy" wax drops. 

Last month, a first meeting of a new User's group was held. This group is set aside Sanders 
influence while Sanders welcomes the initiative. This group is organized to share information and experience 
about Model Maker. This is most certainly a mine of information our operator could use. 

5) Application development Toolkit 
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Sanders Model Maker machine is usually used as a peripheral of a CAD workstation, allowing 
designers to "print" a 3D model of the part they design. On the other hand, we think that we can use this 
machine to manufacture small quantities of brackets (ie: new products for clinical tests) and further, use the 
Model Maker machine to manufacture customized brackets along with the Elan program. Using the 3D 
Modeler, we can design a software that creates completely the brackets, according to the particular 
dimensions of each tooth, and send these design to the Wax printer to create a master to use to cast the 
finished part. This is a new and specific application for Sanders. 

After discussion with John WIGAND (Technical Development), Sanders was interested in extracting a 
librairy of functions from their current program. This librairy would allow us to use their machine as a new 
device in our program, keeping our User interface. Our software would be able to launch the printing of the 
parts and get a status of execution. We also decided that ".STL" files was not a good interface between our 
softwares. We were supported by Al HASTBACKA in that direction. We would send "slice files" to the 
librairy, since our software already has all the informations to extract the slices. We agreed with Sanders 
that we should put interface specifications on a joint document, so as to avoid confusion during the 
development. We proposed Sanders assistance in that specific development by spending some time with them 
while testing the interfaces. A "white paper" presenting different options should be composed by Sanders and 
sent to us. 

6) Tests: One piece Brackets 

While going over the new software version at Sanders, we have been able to manufacture a sample of 
two different one piece brackets that were designed by us. These parts are the most complex parts that we 
have asked Sanders to make. Most particularly, their pads includes a collection of little "pegs" of 0.015 x 
0.015 inches. These are very little details that are correctly reproduced by the machine. 



The Sanders Model Maker is a very ingenious machine that performs correctly when the design is 
appropriate and should be able to maintain our tolerances (± 0.001 inch). The Wax parts produced are fragile 
but are not intended to be used as such: they will be used as masters for casting. Operation wise, Model 
Maker is easy to handle and its software is in coutinuous progress. It is essential with this machine that our 
future operator is well trained and maintain the machine correctly. The current version of the machine seems 
to be very sensitive to its environment (heat, vibration ...) while the next version could be faster and more 
reliable if we believe Sanders claims. 

Sanders is a small company but is easy to contact and its people are very customer oriented. A good 
support is to be expected from this company, since this machine and its technology is relatively new on the 
market. 

As far as cost of operation, this machine has a very good benefit since the material used (wax) is 
cheap, and the machine can work unattended so the operator cost is low. The material is provided only 
through Sanders while it actually does not manufacture the wax. 



Eric CHAPOULAUD 



Conclusion: 
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